Crystal structures of racemic and enantiomeric 5-isopropyl-5-methylhydantoin (IPrMH) have been determined by single crystal X-ray diffraction. Melting temperatures and solid state infrared spectra are also measured. Racemic IPrMH has a lower melting temperature than the pure enantiomer by 25 °C. The infrared spectrum of racemic IPrMH is identical with that of the pure enantiomer. Nevertheless, the racemic IPrMH doesn't crystallize as a conglomerate but as a racemic compound. The racemic and the enantiomeric crystals are very similar to each other in molecular geometries and intermolecular interactions. In the both cases, the molecules are connected via N−H···O hydrogen bonds to form R 2 2(8) rings, and these rings are linked into infinite one-dimensional tapes. In the racemic crystal, a single tape is composed of single enantiomer and itself is homochiral. Hydantoin Enantiomer Conglomerate Crystal structure Racemic compound Imidazolidine-2,4-dione
Introduction
Hydantoins (imidazolidine-2,4-diones) and 2-thiohydantoins (2-thioxoimidazolidin-4-ones) are two classes of 5-membered heterocycles containing two nitrogens in an ureide and a thioureide configuration, respectively. Due to their diverse biological and pharmacological properties, these compounds have been used in a wide variety of applications [1] . For instance, hydantoins have been widely used as antiarrhythmic and antihypertensive [2, 3] , antiviral [4] , antineoplastic [5] , antitumoral [6] and anticonvulsant agents [7, 8] . Thiohydantoins are known for their uses as hypolipidemic [9] , antimutagenic [10] and anticarcinogenic agents [11] . In addition, both compounds are used as herbicides [12] and fungicides agents [13] .
These classes of compounds commonly carry the amide and/or the thioamide groups in a molecule, which provides equal number of hydrogen-bond proton donor (D) and acceptor (A) in the D-A-D-A sequence. This unique structural feature endows the compounds with unique physicochemical and biological properties [14, 15] . We have studied the crystal structures of a series of hydantoins and 2-thiohydantoins in order to get information on the factors controlling the molecular environment in the crystal [16] [17] [18] [19] [20] [21] [22] .
For a chiral compound, the racemic compound and the enantiomer essentially possess different crystal structures. These differences in crystal structures lead to the different physicochemical properties of the racemic and the enantiomeric compounds. Thus, comparison of the racemic and the enantiomeric crystal structures offers a unique opportunity to study the differences in the intermolecular interactions and the molecular packings involving the same molecule in different crystalline environments.
In this study, the racemate and (S)-enantiomer of 5-isopropyl-5-methylhydantoin ((rac)-IPrMH) and (S)-IPrMH) have been synthesized (Figure 1 ). These crystal structures are analyzed by the single crystal X-ray diffraction. Melting temperatures and solid state infrared (IR) spectra of both crystals are also discussed. The melting points were measured using a Shimadzu DSC-60 differential scanning calorimeter (DSC) equipment. The infrared (IR) spectra were recorded on a Horiba FT-720 Fourier transform infrared spectrometer. IR measurements were carried out by the KBr method at 64 scans per spectrum with 4 cm −1 resolution. 1 H NMR spectra (500 MHz) and 13 C NMR spectra (125 MHz) were recorded on a JEOL JNM-ECA 500 spectrometer.
Experimental

Instrumentation
The X-ray diffraction data were collected at 123(2) K by ω scan technique on a Rigaku/MSC Mercury CCD diffractometer [23] equipped with graphite-monochromatized MoKα radiation (λ = 0.71070 Å). The data were corrected for Lorentzpolarization and absorption effects [24] . These structures were solved by direct methods using SIR2008 program [25] and refined by a full-matrix least-squares calculation on F 2 using SHELXL-97 [26] . All calculations were performed using Crystal Structure software package [27] .
The absolute configuration of (S)-IPrMH has not been established by anomalous dispersion effects in diffraction measurements on the crystal. The enantiomer has been assigned by reference to an unchanging chiral centre in the synthetic procedure [28] . Non-hydrogen atoms were refined anisotropically. The hydrogen atoms bonded to nitrogen atoms were located in a difference map and refined freely. The remaining hydrogen atoms were positioned geometrically (C-H = 0.98 or 1.00 Å) and refined using a riding model, with Uiso(H) = 1.2 Ueq(C). Structures were visualized using ORTEP-3 for windows [29] and Mercury [30] . Details on data collection and refinement are given in Table 1 .
Synthesis
(rac)-5-Isopropyl-5-methylhydantoin was synthesized by slight modification of a literature method [28] . A 1:3 mixture of α-methyl-DL-valine (0.20 g, 1.53 mmol) and urea (0.27 g, 4.57 mmol) were allowed to react directly in the absence of solvent at 150 °C for 2 h. This reaction was carried out in a 30 mL round-bottom flask under stirring using an oil bath as the heat source. After the reaction was complete, water was added while the flask was still warm. The solution was reheated to dissolve all the solids and allowed to cool to room temperature, then placed in a refrigerator for 3 h. The colorless crystals removed by vacuum filtration were further purified by flash column chromatography using hexane and ethyl acetate as eluents. Single crystals suitable for X-ray diffraction were obtained by recrystallization from an aqueous solution.
(S)-5-Isopropyl-5-methylhydantoin was prepared through the reaction of α-methyl-L-valine (0.20 g, 1.53 mmol, Bachem AG, Bubendorf, Switzerland) and urea (0.27 g, 4.57 mmol) by the same procedure. Single crystals suitable for X-ray diffraction were obtained by recrystallization from an aqueous solution.
(rac) 
Results and discussion
(rac)-IPrMH and (S)-IPrMH were synthesized by one-pot reaction of α-methyl-DL-valine and α-methyl-L-valine with urea, respectively, in the absence of solvent. (S)-IPrMH was obtained in an optical pure form without racemization in the present reaction condition. Table 2 and Figure 2 summarize the melting points and solid state IR spectra of IPrMH. (rac)-IPrMH crystal shows a melting point of 171 °C, while (S)-IPrMH melts at 196 °C. Thus, the racemic crystal of IPrMH has a lower melting temperature than the enantiopure crystal by 25 °C. As given in Figure 2 , the IR spectrum of (rac)-IPrMH is identical with that of the pure enantiomer. When a racemate crystallizes as a conglomerate (equimolar mechanical mixtures of two crystalline enantiomers), the melting point of the conglomerate is always lower than that of the pure enantiomer, and the solid state IR spectra of the conglomerate are identical with those of the pure enantiomer [31] . On the other hand, the melting point of a racemic compound (equimolar enantiomers are present in the crystal lattice) is generally higher than that of the pure enantiomer, and the solid state IR spectra of the racemic compound are not identical with those of the pure enantiomer [32] .
M.p. (°C) IR (cm -1 ) ν(NH) ν(C=O) ν(CN)+δ(NH) (rac)-IPrMH
In the present case, the melting point values and the IR spectra suggest the conglomerate formation for the racemic IPrMH crystals. However, the single crystal X-ray diffraction data has shown that the racemic IPrMH doesn't crystallize as a conglomerate but as a racemic compound. Thus, this study presents the rare case of lower melting racemic and higher melting enantiomeric crystals. Table 1 shows the crystallographic data. Figure 3 and 4 show the molecular structure and atom-labeling scheme of (rac)-IPrMH and (S)-IPrMH, respectively. Table 3 summarizes the selected geometric parameters. Figure 5, 6 and 7, 8 show the crystal packing of (rac)-IPrMH and (S)-IPrMH, respectively. Table 4 shows the hydrogen-bond geometry. As given in Table  1 , (rac)-IPrMH crystallizes in the monoclinic system with space group P21/n and four molecules in a unit cell. (S)-IPrMH crystallizes in the monoclinic system with space group P21 and two molecules in a unit cell.
As given in Figure 3 In ( (2) 169 ( Table 4 for details). As shown in Figure 7 and Table 4 
Conclusion
The racemic IPrMH exhibits lower melting temperature than the pure enantiomer by 25 °C. The solid state IR spectrum of the racemic IPrMH is identical with that of the pure enantiomer. These experimental results suggest the formation of conglomerate crystals. Nevertheless, the racemic IPrMH doesn't crystallize as a conglomerate but as a racemic compound. In the racemic and the enantiomeric crystals, the molecular geometries and the intermolecular interactions are very similar to each other. In the both cases, the amide N1−H and N2−H of one molecule are hydrogen-bonded to the amide O1=C1 groups of neighboring molecules to form R 2 2(8) rings, and these rings are linked into infinite one-dimensional tapes. In the racemic crystal, a single tape is composed of single enantiomer and itself is homochiral. Table 4 for details). 
